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fo ARTLACT
The testing o7 gelled fuel's compatibility with a commercial _trnnsport,ru:el
The effect upai the strength of kerosene gelled fuels
o!‘.varyim_.; the amaunt of gelling agent, m;l water content, gelation

system is discussed,

temperatwre, ¢cl temperature, punpln,_r with ifferent types of pumps, and

subjection to a typical vibration spr-r-twu-: vas investigated. 7The corrosion
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11, SUMMARY

In some airplane accidents, post crash fires have claimed lives of passengers

that otherwise might have survived. With this in mind, gelled or emulsified
fuels have been proposed so thu. post crash fire could be avoided or post-

poned, and safe evacuation be f: ~*litated.

The FAA and the U.,S. Army both have pi.grems aimed at defining the safety
advantage of stiffened fuels over conventional ones in reducing post crash
fires. These agencies have also funded testing by varicus aircraft engine
manufacturers to determine the compatibility of stiffened fuels with their

' engines.

; This study jnvestigated the compatibility of gelled fuel with present day
large transport airplane fuel systems. Gels made with FAA 1065-1 gelling

agent were investigated. Both bench-type laboratory testing and large-scale

testing were conducted.

Laboratory Bench Tests

Since stiffness is a key facto: in flowability, it was used to characterize

each gel and was measured by the penetration of an inverted cone into a gel's 3

surface. Determinations were made of the effect upon the stiffness and con-
sistency of the gelled fuel of the following parameters:

0 Percent Celling Agent

o Jfmount of Total Water

o Gelled Fuel Temperature '

o Mixing Temperature Z

e V o e e
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o Cooling Rate During Gellation.
o Punping With A Vane Pump, A Gear‘Pump And A Centxifugal Pump.
o Storage Time Before And After Pumping.

Small batches of gelled fuel were made using kerosene and varying amounts
uf FAA 1069-1 gelling agent. The kerosene was heated to 130°F to
dissolve the gelling agent and the liquid wixture wsas allowed to

i cool to produce geliation. The stiffness of the gelléd fuel was
determined by the penetration of an inverted cone and the ASTH D-217
penetrometer.  Th  standard cone and two other lighter we;ghg cpnés

were usaed. Initial testing showed the stiffness og the gel to be

aftected by the water content of the final gel as shown below.

40.0

DRY GELLING AGENT

CORE 4> MILLIMETERS
u
0
o

6.8% WATER IN GELLING AGENT

PENETRATION WITH 62 GRAM

o o2 1.0 .S z.0
i WEIGHT PERCENT DRY GELLING AGENT-

&0 CFRE

19.6% WATER IN GELLING AGENT
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Pumping the gelled fuels tends to break their structure. releasing small amounts

of liquid fuel and d:cr.. ..og their stiffness. Centrifugal, gear and vane pumps

were used. The centrifugal pump caused the greatest decreasc and the vane pump

the least decrease in stiffiess. The centrifugal pump has difficulty in main-

taining suction.

The effect of time upon gel stiffness 1s shown below.

1.0% PUMPED TWICE WITH A GEAR PUMP
40.0 AND TWICE WITH A BOOST PUMF {18.0
ILLIMETERS AS GELLED)

1.0% PUMPED ONCE WITH A
GEAR PUMP {23.2 MILLY-
METFRS AS (ELLED)

PENETRATION WITH 28 GRAM

/- 1.08 AS GELLED

N
[
o)

\\\_‘

'CONE 4> MILLIMETERS
8
=)

1.5¢ PUKPED ONCE
WITH A GEAR PUMP

} 2 3 A
TIME 4> DATS
Gels vhich had been extensively pumped and sevorely brokan would stiffen with
time. This time period may be of the order of ‘wo Or more Jays, but az seen in

the flowebility tests, only forr ™ours were reguared for an othervise flowsble

gel to stiffer enough so as . .« lowalle.
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Sanplss cf orh purped and unrumped eels were subjected te a

' . . A e
rerperature spectrun of 450 to 110 1135%p,

“he stifiness or these

aels invrease with a decrease {n teiperature.

A 1.0" vel was tested tor corrcsion characteristics with aluriow,
cadiiuw=plated stoes, 'n;nesiun, and steel,  The etul surface of the

cadeifun plated steel vas darzened But ne pitting occurred and

this was the eniy retal o the vour Lo be sisniiicantly affected.

“Ten tested ior wicro organiay grovth suprert the gelled fuels

behavee sicilarly to Jet A lerosene.

Larve svale Tests
1 e g W - B B e @ . 4 . B

Thege terly 20t con-ae Ll rn.ﬂctvrulnv-:hv‘otfoctu of atrplane .

environnent oo the gelbed fuel and on the s elled Luel's perfornance in

the avrplane, A slmulated gection ot 27 antevralwing tank wan nsed as

aLent bhed,

resent fuel svsten dosluh>foquir§s‘tﬁe'fuel to fiow'by krav§t? to
the ‘uel tank beost pump.  fels with ﬁi?fereut‘iovu]s of’sﬁiffness
were tested to reiate ol stiifﬁvss e :1nwéhility; A 707 boost
psp with a :nrbx cli 1aator was mernted Qn-thc‘tank for pumpipg out

the tuel.,

_Lijtid kerosene was usca to provide a baseline. About two gallons of

unavailable fuel resained in the {nhk. In.thése;gcstn‘the géls'

are laheled as beins Yas gellod”, Py 0 once")‘;pumpcd twicc",.et¢.
‘umped ©.77 gels would flov te the pﬁmplbut‘nﬁout¥}2414‘gélléns

of gel were :navatlable.,  vhen a I.SZ'pumpod gel{ ﬁaving-h‘pénétfation

of 11,0 nillincters with 26 gram cone, vas puﬁpéd:qhééSO%yof*60‘ghllﬁné
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- of gel was unavmilable. Neither a N.5% "as gelled” gel, nor a 1.5% pumped-énce gel

N which had lain for four hours after being pdmped into the wing tank would flow to
the punp. The former registered a penetration of 23.0 millimeters ani the latter
25.0 millimeters with the 28 gram cone.
|
| The results of this testing are tabulated below.
| Consistency
! navajlable Differential Penetration
; Flow Fuel Left in 1in Height With 28 Viscosity
{ Times Rate, the Tank, Across Batfle, Gram Cone, at 77°F.,
{4 Gel  Pumped G.F.M.  Gallons Inches _ Millimeters Centipoise
l Prior to During
‘ Pumping Pumping
0.0 W4, 0 : 2,0 2.875 2
t
i 0.0 30,2 3 0.9 1.0 o
| !
| 0.0 .2 . 3 - 0.0 1.12% o
. 0.5 ) >95% 0.0 23.0
i _ _
.« 0.5% 0 > 954 0.0 23.0
] 0.7 1 30.4 17.5 1.5 3.0 38.0
0.7 1 29.6 1.2 1.5 3.0 36.5
0.7 3 1.8 12.3 V.25 1.9 112
0.7 3 1.9 12.0 0.2% 1.0 -0
i,0=-
1.5 1 1h.b i) 1.Y 6.0 33.0
1.5 1 > 95% 25.0

* The angles of inclination in all cases were between two and four degrees fore
and aft nngle and three and six degrees laterel angle except for this case in
which the angles were eight degrees and ten degrees.

For the vibration testing the simulated tank was mounted on the end of a 230-inch

moment ar: and subjected tc a vibration spectrum consisting of a three-cycle per

second frequency and a 0.0 to 5.h-inch double amplitude.

A.a
AD 1548 D
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The consistency of the pumped gel is not affected by the low frequency vibration |
unless the double amplitude exceede three inches. At this level it is weakened !
by the agitation induced by the vibration.

} The unpumped gel was deformed by the inboard and outbosrd sloshing motion of
i the gel. This sloshing actiou induced bleeding of liquid fuel from the gel at
the bottom of the tenk. !

A vertical c¢ylindricai tank filled with about 100 gallons of gelled fuel was

: used for the pampdova testing. The 707 pboost pump with a vapor eliminator and
using a snorkel type inlet was successful in pumping a pumped gel out of the

; pumpdown chamber at sea level pressure, However, at a simulated altitude of
42,000 feet (2.4 psia} the pump was able to pump only 35 of the 100 gallons out at;

. approximately seven gallons per minute before the {low virtually stopped. This
left about 55 gallons of gel having a head of 2.5 [eet over the pump inlet in
the tank. when the simulated altitude was reduced to 18,000 feet (7.33 psia) the
remaining 65 gallons of gel was pumped cut at a flow rate 5f about six‘een gallons
per ainute.

Coaclusions

The penetration auaber of a gel is a function of both the percent gelling agent
used and the water content. Thus strict molsture control would be required

to manufacture gels with consistent pepetration values. Puaping a gel i
reduces its penetration number markedly and variously. A pumped gel recovers
stiffness with time.

Froa the results of the flowability testing in the wing tank section, a
penetrztion level of 33.0 millimeters with the 28 gram cone is considered to
be the upper limit of stifiness which will allow {low to the bosst pump at

sea level pressure.

- A pumpel gei with a peratration level af 33.2 millimeters vith the &5 gram cone
~ could not te pumped out of & tank at the 1ow suction heads existing at an
altitude of L2,000 feet (2.4 psia) when snorkel pump inlets are used.
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Low frequency vidbration of a period and amplitude experienced by a wing tank |
during gust lomds will cause liquid fuel to be formed from either pumped or

unpumped gels.

The low temperature fuel tank environment which ias a characteristic of subsonic

| flight would aggravate any problem induced by the geli's stiffness.

This gel cannot be classed as a possible candidate for use in conventional

 transport airplanes beccause of ite unpredictable stiffness.
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III, INTRODUCTION

éA fatﬁl alrplane crash is sometimes accompanied by & large post crash fire, caused f
by fuel being spewed out of ruptured fuel lines and/or fuel tank structure. This
_results in an aerosol mist of air and fuel and 3 pool of fuel near the airplane.
The aerosol mist 18 subsequently ignited by hot engine parts, hot exhaust, a fric-
tion spark or uther ignition source which might bLe preseat. The turning mist
ignites the fuel spilled on the ground. Sometimes, the fire claims lives of
those surviving the impsct. In order to save those lives, stiffened fuels have
been proposed to reduce both the aerosol mist and the fuel spill following a
crash. The tvo types cf stiffened fuel under conside:ation are emulsified fuel

and gelled fuel.

The concept of using these fuels in airplanes has emerged gradually. Initially,
the Army was investigating the feasibility of instantanecusly gelling the fuel
in the tanks just prior to an impending crash. After this concept was abandoned,
the idea of transporting the fuel in the gelled state and then reconstituting it
to liquid form prior to its use was investigated. This gave way to the concept
of using the gelled fuel in the airplane in the "as gelled” state. The Federal
+ Aviation Agency is interested in this aspect of thickened fuels and is ccnsider-

ing the pcssibility of their use in commercial transport airplanes.

j Both the Army and the FAA have funded research programs on the investigation of
i gelled and emulsified fuels., At this time the Army is concentrating their

: efforts in the emulsified fuel area, while the FAA leans toward gelled fuels.

| The FAA contracted The wWestern Company tc develop and test fuels gels for their
| feagibility in reducing crash fire hazards. This work resuited in the formula-

! tion of a gelling agent designated FAA 1069-1 and is reported in Reference 1.

REV S'M _BOEING | D6-15230 3
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% The PAA has also let two contracts for Durther development and testing of gelled

fuels as well a3 epuisified fuels.

. Most of the work previously accomplished on gellsd fuel has been the determination

- ¢l ite crash safety aspects and its compatibility with alrcraft engines. At the

. time this work was undertaken, hardly any investigation of the compatibility of
the airframe with gelled fuel !in. been accomplished, and that was the object of
this investigation. Gelled fuel made with FAA 1069-1 gelling agent was examined

: to determine how much stiffness the present airplane fuel system can accept with-

. out reducing flight safety. The study involved the determination of the factors
affecting this stiffness so that its constancy and homogeneity could be asgured.

The gel was also investigated for side effects which could reduce flight safety.

" The lsboratory setup and test equipwent and apparatus are shown and described.
~The methods of aetermining stiffness and the parameters affecting stiffness are

discussed. The test data concerning these parameters are presented in Reference
t

: 2. A description of the tank mockup is given, and an snalysis of the testing
i done in the tank mockup is made. Motion pictures taken of most of the testing

in the tark mockup are available.

'
i
.
1

|
|
i
i

i
|
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IVv. TEST PROGRAM

A. MODEL AND TEST APPARATUS

The gelling agent used was FAA 1069-1, which is a hydrocarvon, N-coco- ¥ ~hydroxy-
butryamide (CHBA), developed by the Research Division of The Western Company
(pallas, Texas). Normal water content of the agent is 6% and adjusted pH is 9.0.
The fuel is heated to 130°F, the agent ie dissolved into it and the méxture is 1
allowed to cool. Gellation sets in at about 125°F. Ae shown in Figure 1, the

' gelling agent is a waxy soap-like substance which will readily dissolve in the
warm liquid fuel. The gelled fuel made with this gelling agent 1s a firm opaque
substance with a slightly moist surface. In the "&s gelled" state it resembles
jello while the pumped gel is similar to "applesauce”. Jet A kerosene was used |

in these tests.

The ASTM D=-217 penetrometer shown in Figure 2 was used to determine the consist- }
ency of the gelled fuels. The standard penetrometer cone has a total weight of i
150 grams but since this was too heavy for some of the softer gels, two lighte
i weight cones were made. One was an alumiaum cone with a total weight of 62 grams §
§ and the other was a plastic cone with a total weight of 28 grams. These are 90°
cones with a 30° needle point. The penetratiovn of these cones into the gel in a
five second interval is measured. The penetration is inversely proportional to |
gel strength. The viscosity of the pumped gels, which were too fluid to be

measured with the peneirometer, was determined by use éf the Saybolt viscometer
, which is shown in Figure 3. The time required for the efflux of a 60 milliliter
b sample of gei was obtained and the viscosity was determined from this by use of

ASTM procedures D2161-63T and D1745-63.

Two of the three small pumps used to work the gels in the laboratory are shown
in Figure . The fuel was gelled in the hopper or put ints tie hopper after
gellation and then pumped out, using a follower plate where needed.

AD 1546 O
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] a'» Two 13 inch by 9 inch by 2 inch cake pans, one aluminum and one Teflon coated,
were used to determine the eifect of a non-wettable surface on the gel's

flowability characteristics. Baffles divided each pan into two unequal

sections, and holes in these baffles simulated holes in ribé or stiffeners.

The large scale mixing equipment and the pumpdown tank are. shown in Figure 5.
The mixing tank has a capacitv of more than 100 gallons. Tt has a removable
unit censisting of a cofl of copper tubing for heating and cooling the fuel

and a paddle wheel for keeping the fuel well mixed. Thermocouples were located

o s P e

on both sides of the mixiag tank at various depths. An air-driven gear punp

is used to pump the gel out of the mixing tank.

)
The pumpdown tank has a capacity of about JOOIgéilons and pro#ides a four-foot
head of tuel at the pump inlet. Plexiglass windowé are located on the top and
éi’“ the side of the tank. This tank is capable of withgtanding a vacuum qf 30

| inches of mercury and the piping and Qalving allows a vacuum to be maintained
constant while gel is being pumped out with the 707_aux111ary boost pump. The
pump has a vapor eliminator and a shorkei—t&pe inlet similar to thosevused

for the 727 airplane. Small sections of plastic tubing'allow visual obser-

vations oi the gel upstream and downstream of the boost pump.

The gelled fuel was tested for its ability to flow in the test section shown

in Figure 6. This simulated wing tank wac designed to represent a section of
the Boeing 727 integral wing tank as shown in Figure 7, Tﬁe test’tank
represents &.5% of the 205 square foot area of the number one wing tank being
gsimulated. The total capacity of the wing tank 1s ;797.5 gallons, of which
only 4.5 gallons are trapped or unusable in flight. This results in a usable

capacity of 1793 gallons, or 99.7 percent of the total.  The test section can

AD 1348 D
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Hold obeut 100 #illens, Lyt usanlly lecs than 70 pullons was used for testing,

“he constiruct lon of the integral wing Lank {includes ils atout every 27 inches,
B 4

hrse of fhese Pihs are taffled and have f!apper Lype check valves in the

Lalfhe te proevent fuel from {lowing outioord and away frow the pump inlet,.

»

Sprnulee Zedype ¢o1Pfeners are srucel alout 7 inshes apart on the top and

prntom o sking, Tha of! Pleners have smill liaber holss in eartain pluces to
Tt

v Suel whien w1 etherwlze ve travrel tetween s41Cfeners to flow to the
ep laret. The oot seatlon was  Jesigned o l-.clude one of ihe three baffle :
i nd nopuy Tnlet. ThIs slaulated tank thus inclules one of the areas

RIS S ! o

cnteornd o wlve U wlivh all types ef flow restric-ions.  The fuel has

LeoMow tlavah fhe cutonts Inothe riv for the stiflensrs, and then through
The bl ovel valres Lo get Yo the g inlet. Alter zome ‘nisial testing
Bad dean aeevrgp Uis: ol a sxetlen of stiffersr aljucent to the pump inlet was

remeved to provids raltiyle fiow paths, more clofiely resembling airplane

coniitions,

" o)

Tae tank wel nenst b on oo eimbalted tiile 5 shiown in Fleure 8, so it eculd

Ve oot of warlras anrlos in Lot a forward and a spnnwivé d rection in order

fo avprarsimte ¢Qffecamt Tlichi wtuiteles. The 707 auxiliary Looet ﬁump with
vapos elinindir wns meon.ed on the tnpk and usgd,tc punp the fusl‘dut qf K
the *ank. A& oo wxé mewrned on the enffl-d rid to allow a visual méasurement

ot the AU feront et in “uel height aczress 4oe vaffle Loth rrior o uand during

pumping .

The zimal-ted wing v can ke mcunted on a low frequency, hlgh arplitade

viisatlen rig chown In Figue 2. This rig, btullt up from a "tinker toy"

set of A anl 12 Ineh I lewme, o lows vertical motlon at the end of a 23C
¥ ] h :

tneh woren' arm. A hydraulie actuator ic used to produce a simisoldal

REV SYM | _OEING |vo. D6:25530
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vibratlen. ‘fke oultoard end of ‘he moment arm where the tunk mock ap 18

monnted represcnns wing cinlion 750 which 1s the outbeard end of the suree
tank. In crder to obiuin enocugh hytraalle fluld flow Lo oibtalr the maxirum

dor ble amolitude of S.% luches und 3 cycles per second frequency, an ncoumilator

was neeled, Tnstrme Aation Ineluded a Yinenr transiucer and an accelerometer.
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. TEST PROCEJLRE

Yhee TAN 10001 elline spent was cltained from The Westoern Corpany alcng with

nixing nstrusticenr, Sore of the voerliatles affecting the strength of the '

celled fuel woere sssociated with Lo mixing procedure. These included the

?

: arcunt of totnl water ipn the gelled fuel, the nmount of gelling agent, the

; . . o

; Lerperaturs of the liguld el and the length Cf time at that temperature,

§ the amoynt of rarticulate matter in the fuel. and the rat2 of cooling during
! . oo

E pellntlion, . This Investirntlcen also Inecluded tre effect unon pel strength and
~cnsistoney of the folloving:

| o Punpine the gel with diflerent types ¢f pume

. o The nuver of times ruunped
{
1
r o te longth of tine o7ter puming and before consistency tessing
&
| o FlSer s the purped gel
; e “iyaee
P i ¢ IR AL 4T3 ARG RACE

o e owmlbude, freaguene; and durebion of vibration

The gl Mol ws teosted or corrocion cheracteriestiss as well as microbiolopi--
ead erowth s rh. The effeoet of altitude upon gel cenasicstency and pumpabillity

wian nlue detoraincd, Ther atllisy o dilfferent strength gels to feed a pump

nlon T typd el Anterral wing tank was stuiied., The effeet on the flow
i

capal Pl ELes of sellel Puels of o nonsvettable surface such as Teflon was also

Aoprosi-nsely e mdlen bateher of pellad fuel of varicns strengths were

-

mule Cor Yle el osonle laberdtory tesling.  These incliuided gels made with .

-

UeGy 1o ant 1.7 per cont by welsht pcelling srent.  The liquid kercsene was

Cp o= :
' heated S~ the oellatton temperature of 130°F by use of a water bath. The

LA ; regrived mocunt of FAL 1060=1 gelling arent vas finely divided and added to the
o .-
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hot fuel which was kept at 130°F until the gelling agent dissolved. The liquid
mixture was allowed 'to cool and gel in three or more penetration cups and specisl
containers as needed for other tests. Using three or more samples, an average

penetration was obtained.

Variations from this general small scale mixing procedure were made to check the
effects of various parameters. In order to determine the effect of water content
of the gelled fuel upon the gelled fuel strength, the gelling agent was dried and
predetermined samounts of water were added. A fuel temperature other than 13C°F

was used in some cases and this resulted in a variatioé in gel strength. The gel

strength is also affected if the liquid gelled fuel is held at the gellation tem-

persture for a period exceeding that required for dissolving the gelling sgent.

The rate of cooling during gellation has an effect upon the gel strength and this

liquid fuel prior to gellation.

| When the liquid gelled fuel had gelled and reached room temperature, the panetra-

purposes the penetration of various strength gels was measured with both the 150

and 62 gram cones or with the 62 and 26 gram cones.

For the pumping tests, tlie gelled fucl was put into the hopper either before
or after gelling. Each jump was tested imndependently with a fresh batch of
gel and the consistency of the pumped gel wvas determined with either the
penetrometer and ‘or the Saybalt viscometer, depending on its consistency.
Three difrer;nt pumsps were used and forltvo of the three pumps the samples
were pumyed repeatedly until further pusping had virtually no effect upon the

viscosity of the gel. The consistencies of some pumped gels was measured with

both the Saybolt viscometer and the 2{ gram core. One gel was pusmped witk the

REV SYM SOLING |~ D6-1523C >
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was varied. Another test involved the addition of Arizona road dust to the heated .

tion was determined for each of the samples with a suitable cone. For correlation :




' gear pump through a 150 micron filter and compared with a sample of the seme gel

- pumped with the gear pump withcut the filter.

Both pumped and unpumped gels were cooled to witnin 5° of the freezing point of '
the liquid fuel and the penetration level was cnecked at several points to

determine the effect of temperature. :

Some gels were divided into two parts prior to gellation. Artef' gelling, one
part wae pumped nore than cnce end nothing was done to the other part. Both -
parts were then liquified and regelled to see what effect this would have on

regel strength and consistency. Some gels were tested for consistency as soon

as they cooled to room temperature and then were periodically rechechd'to

determine the effect of time upon stiffness. This same procedure was used for

other gels except that they were pumped cne cr more times after gelling.

The gel was tested for its corrosion characteristics upon cadmium plated steel,
aluminum, steel and magresium. The metals were selected and arranged per AMB
315C C 4.14.3. One group of metals was immersed in 1% gel for 30 days and
another gJroup was half immersed in the gel with the other half of the metal
coupo'. extending intc the atmosphere ibove the gel. A comparison run was made
using liquid kerosene. In bolii tests the metal coupons were weighed before and
after testing “ith the gel and the corrosion products vere removed with benzene

and acetcne washings.

The gel was alsc tested for its suppert of =microbiological growths. Gel samples
of .2, +., 1.0 and 1.5% gelling ageal wWere exp:sed tc an inoculue containing
eleven differernt fungl. Alsc inoculated were 1 and ¥ :xr-water mixtures, 0.2,
J.5, 1.0 and 1,.9% agar--fuel preparstions, 1 and 2% gel-vater mixtures and 10
silliliter aliquots of kerosene and kercsene plus C.55 water. 7The agar and

gel piates were jncubated at 34°F and ¥5% humidity for 23, 6C and YO day pericds.

H
B
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¥ 0 o vy LI 3 y ~ g
The plates woere mlerosconically ciserved at the end of thesc periods as wel)

a8 atter {’ ,I"’ 14 anld o dﬂ:/l“o

nn . » - ~ RN »
The offects of u Teflon envered ourtoee upen the flow characteristics of

the ol wore vestimated,  The angle wes deterrmined at which the gel wiuld
Tlow throush w limter helde in s stmalnsel stringer in Lhe aluminum und TPeflon-
lined cuke yuus. Alen, o S ocurdie centimeter sumple of 1.0% gel wns placed 1n

en2h of the pns.  Then the anple at wideh the sample will wmove dewn the pan

was deternined oe war the time roguived 4o move 12 inches down the pan.

The 1urpe scale tord iy Invelred the ure of 50 mallons or murce of gelled fucl.,
To muke thesce larre ba‘ches, the Yiquid kercsune’wus rut inte the mixing Lank
and heoted to 1300 F ty uce of the ctewn ectl. The paddle wheel {n the
botton of the twnk»kvpt the rernsene wellamizod and the aniformiuy of the
temperature w.s leterrmire] by thermcecuples at raricus depths and on opposite
sldcﬁ of the mixing tanik. The regiulred aount of gelling agent was udded %o
the kercsene when the tomper ture reached 13OOF anl this temperature was
maintnined unt!l the gelling agent had commletely dissolved In the kercsene,
The steanm coll and baddle wtheel were then reroved and the liquld gelled fuel
was nllowed te enol and gel.s After the mel cooled to room temperature, a
penetration cample wur removed and then the gel is transferred to thie pumpdown
chamber or Lhe simulated wing tank with the uir-driven seny pump.  The consist-
[ 4
ency of thie once pumped el 1s determined. After 4he gel wns pumped Into thc_
pumpdown chamber, 't wis pumped cut with the TOT7 auxiliary roost pump at sea

level pressure,

A once purmed el wan tected under a voounm to determine the effects of altitude.-

The pumpdcvn chamber was taken to & simulated altitude of 42,000 feet (2.h psia)
in steps sand the evolrtion of air was observed, An attempt was made to pump the
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gel out of the pumpdown tank using the same 707 boost pump. The simulated alti-
tude was reducec as riecesgirr to obtain flow., The flow rete wags determined by

reriodically measuring the volume of fuel discharged as a function of time.

" Flowaoility tests in the sirmule*ed wing tank were accomplished by pumping about

50 gallons of gel from the mixing tank, through a rubber hose, into the outboard

" section of the test tank. Thus flow was always toward the inboard, or pump end

of the tank. The differantial of fuel surface level on either side of the baffle

ridb was measured during fill, st reast, and during pump-out. This was one index

_of flowability. The gel was pumped intc the test tank; (1) while still hot and

allowed to gel; (Z) after gellation to test the pumped condition; or (3) reused

efter a previous test to simulate a twize pumped gel.

Just prior to the flowability test the tank was set to the desired "roll' eand
"pitch” angles. The boost pump mounted in the test tank removed fuel at a pre-

determined rate during the flowability test, which terminated when the pusp lost

- suction. Unavailable fuel wzs thern meagured, and ~onstituted a second flow-

. ability index. Untreated Jet A kerosene was used to provide a baseline.

To determine the effect of vibration, the filled simulated tank was subjected to

a8 low frequency, high anplituue vibration spectrum. A 1.0 percent "as gelled”

' gel was vibrated st a frequency of three cycies per zecond and a Jouble amplitude

range from 1.£ to .4 inches for » total time of abcut 1% minutes. Then a

~pumped 1.0 percent gel vas vidbrated for ahout 5.°5 ainutes at & frequency of 3 cps

and a double amplitude of frum ©: to *.& inches. Full motion jicture coverage of

~this testing wss slso obtained. The Fhoto Instrumentstion Group has the mction

LEVINA ¥ TS

rictures under fi.e number 3 28,
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|
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DISCUSSION AND RESULTS

1.

Sench Tests

a. Consistency and Stiffness

The datam shown in Fig. 10 were taken initially in an attempt to obtain a
range of values for the consistencies of gels made with differing amounts
of gelling agent. Each of the data points represents the everage pene-
tration of samples of "as gelled" gel made in the same conteiner and
poured into three gellation cups. The actual values vary from ‘these
averages by from + .291% to + 3.36% and -3.48%. A greater penetration
is indicative of a weaker gel. Because of the wide range of values from
each o the different percentage gels and the overlapping of the rauges,

an investigation of the effect of total water was begun.

It was determined that the gelling agent will equilibrate with the water
content of the stmosphere surrounding it and since the strength of the
gel iz dependent upon the water content of the gelling agent this had to
be taken into account. Tests were run with gelling agent containing

from zero to 19.6% by weight of water. Figure 11 shows the results. Fuel

used for these tests was predried.

The photograph in Fig. 12 shows a slump test of two samples of 1.0 gel,
one mude with 2.7 »ni the nther with 1i,” percent hy weight of wuter in the
gelling roent: =nd ~ne of the pgellrtion cups from vhick they were remcved,

The grenter slump wes nhtnrined with the 2.7% H,0 mel.

From these findings we conclude that the gel can be characterized by
pehetration alone, and that the penetration of a particular sample of
gel is a function of both the percent gelling agent and the emount of

total water in the gedi.
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SAMPLES OF |% KEROSENE GEL
PREPARED WITH 37% AND 149% BY
WEIGHT OF WATER IN THE GELUNG AGENT
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Some other parameters appearing to affect consisency were investigated

and it is believed that these are in reality directly connected with the
dependency of the gel consistency upon water ocoatent. During the testing
progrea, soms of the gels were liquified and regelled. The effeete of

this upon the consistency of pumped and unpumped 6.5 and 1.0 psroent gels
are shown in Table I. Upon regelling both the pumped and unpt.pod samples
of the same initisl gel have an identicel peretration level but it is

higher than the original gel if tne regellation temperature is 130°F.
FAovever, if the regellation temperature was 120°F, then the regelled gels
had ayproximately the asame penetration level as the original gels. I think
this could be due to the higiher regellation tempsrsture causing esnough
dshydration of the liquid gelled fuel to result in a wesker gel and & higher
penetration leiel. In-another test, part of a batch of gelled fuel was held
at the gellation temperzture of 130°F for about four hours after the gelling
egent had dissolved. This sample of gel had a h;‘hor penetration level thas
the other sample which had been removed from the mixing vessel immediately
after the gelling agent had éunolnd. 'This would indicate a lpqn of water
during the four hour hold st the gellation temperature. In most of the
testing the hot liquid gelled fuel was allowed to cool by,utuul eomcti.an
at laboratory room temperature. In order to determine the effect. of the Tate |
of cooling, two samples of the zsame gel batch were treated differestly. A
-60°F bath was used to cool one sample at a rate of 1.3’r/nhntnjbnr the
temperature range of 12k°F - 85°F. The othar semple was eoom at m
temperature at a rate of about 0.7°F/minute om the uu w riut,
Both saaples vere then aliswed to sttain roont.pnutm m m M
mzum-. mg-nhnnmnpw;mmm.puwmuu.é
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and the naturally cooled gel had & penetration of.29.0, both being measured

with the 62 gram cone. From all of this testing, it is olvicus that .ia order '

to procuce gels o constant coasistencics the gellation procedure sust be

ctandardize’' in iemperature, t.me and moisture control.

A correlstion betveen the penetration of the three different weight pene-
trometer cones is suown in Fig. 13. Purther correlation between penetration
and yield stress can be arrived at theoretically if we assume that the yield
stress is equal to the cone weight divided by the wetted crea (see Appendix
A). Yield stress as a function of penetration is snown in Pig. li for the

three cones.

Since fuel is pumped cne or more times before it is used in the engine,

0.5, 1.C, and 1.5 percent gels were pumped from one to six times with each
cf the following pumps: small vane pump; small gear pump; small centrifugal
pump; large gear punp; and centriiugil boost pump. The effects of pumping
upotl tHe penetration levels and viscosities of the various gels are shown in
Figs. 15, lc, And 17. For comparison the viscosity of liguid kerosene is

r®

2 centipcise at 7T7°F.

Sope of the pumped gels were stiff enough to measure with the penetrometer
and fluid encugh to measure with the laybolt viscometer and the correlation
sncovn in Pig. 18 was obtained from these data. This correlation ia valid
only for this gel mund shc.ld not be uaeld o evuluate any other fluid. The
measurenen' of siscesity is e dypamic cne associated with the flow of & fluid
but penetration is ~ static measurement as ~ciated with a no fluw condition.
liote that the lowest visccsity reading of about JX ceniipoises corresponds

e
-

tc A penetration of 5.0 millimeters with the 23 gsram cone.
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REV SYm

The vane pump works the gels slightly less than the gear pump <hlle the
centrifugal pump works the gels much more than the gear and vane pumps.

As the number of Uimes pugped with each of the different pumps increases,
the effect upon the viscosity of the gel of each subsequert pumpirg is

less until finally the gel has reached u level upon which further pumsping
has né effect. This level is usually attained by the time the gel has been

pumr2d six times.

As shown in Figure 19, pumping aserated the fuel. The centrifuzal pump
aerated the iuel more than the ygear pump. The effects of peing pumped
four times witk a cent-ifugal pump are shown in Figure 20. Tne picture
s takern oae week after the three ¢ Terent strength gels were pumped.
The lowgsr Jayer is liquid fuel which hes separated [rom the greatly
aerated upper layer. The zcticn of pumping nov only reduces tihe stiffness
ol the gel). it 2180 are “he gel structure allowing liquid fvel to bleed
out. Tuis retlon produces a mixtire “i<playlng the same vapor pressure as
the liquii fuel itself. In the as gelled cenditien the gel :as teen shown
by others to resulire several hours to exeri g vapor piressure equivilent to

that of the liguid fuel,.

A one perceni gel vus purped wiih the gear pump through a 15C miercn filter
tc de‘~rmine the effects of Tiliration upon the strengih of the gel. The
caybelt v%scoslty c¢f the el which was pumped through the f_ lter was about
one-half the G ybelt viseosivy of - sample of the same zel puuped with thn

geur pump but not throus:. the filter.

. ‘”””B 'y,q- D('.‘: t:..'.‘,
hy }
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SEITTese i et ooney o vruaped wnd unpumped gels is shown in
Fipnoes 20 ant oo0 A wepummoed gel wlll s2owily Snercase in stiffpess
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Iotewerir, exh' T4 5 variety of rates: and
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0 0.7 %

GELLING AGENT

E] 0.7 % GELLING AGENT - REGEL
A 0.79% GLLUING AGENT - 2ND RESEL

SVAY
PUMPED TWICE WITH A GEAR PUMP
AND TWICE WITH A CENTRIFUGAL
8005T PUMP

A

=

PUMPED ONCE WITH A GEAR PUNMP
——AND ONCE WITH A CENTRIFUV GAL
800%T PUMP

PUMPED TWICE WITH A GEAR PumMe

AND ONCE WITH A CANTRIFUGAL
BOOST PUMP

PUMPED ONCE WITH A GEAR PUMP

—AND ONCE WITH A CENTRIFUGAL
BOOST PUMP

i/

TIME ~DAYS

2 3

EFFECT OF TIME ON COMNSIS TENGY OF FIGURE 22
PUMPED KEROSTNE GELS MADE WITH T
FAA 1063-1 QELUING SENT 06~15_230
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cteel Drewrraed Do othe pels When the medal wes susiended s¢ that
balt was Dmecred Lo the pmel nad the ctpsr half exteuded into the
Amagphere alove fe gel, xhere~wis a biack Linz at 42 interface but
St lo h e o Lhe part in the atrmosnhicre.  The togts were
poaestad waine 10l kevosene rad sheen Wi orly - siipnt darrening of

Lhe surfuce w!ith no mo zaralla welghit change.

T, the micrc=crpanism erowih testing, the poliad fudl has clight to
alerate proqti of anmergilivg flavie, aspergillus nicer and peniell-
e cdtriw whiile the aare==Tucl !.:T.'-:*..;rr:f had cnly clight growth of
Clme same threc dune! s The kerso e had xx,, sligit (;rﬂnwth‘ n<f‘.
L'En'.l.-"".',"'-l"' sl g nal pentedllinn efsrbiag tat with the addition of
Tuh v (_1 wanor Lo ofhie Wevcnon, Lhere wkse chrong prowth of

aeperms Tl Cloeme, e rae'Tus nirer, chactomiun zlobasun . % penicil-.
Mum ~icrtucs Mooy the cupar and water nor 21100z sgeunt and water
el ooy e ety 08 e o the faytt, From the data ottained
o YN tette, Voo troae ertdenes Yhat the colling agent will
Compeyt e vouth o Tles Y. Tas pwtther w1l 14 10hiblt that

. P N T, o, W eagd S
sTcwL owhlon e e Pfored T fuel=vyalor nixlule.

N LA P L4 PN
o Jewtlg

There v overy Tl clltterente 1o the abiiity of uwnpurmped £21 Yo
; | ‘ ,

Mlow down o wlurirm or Terlen tonted surface us determined by

eur 1i=iued o uinee When both garfuces wore dry, th Teflon coated
sartaoe tal ou llttle edvaninre over tlhe tale alumlinum surface.,
however, in tine the goiled Mol dld wet the Tr?ll'J.C‘n s well &s the

almsdnus sarfee elindnatingg thls advuitege. Small sections of gel,

rlnced at one ¢nd of 2ithes pan, began te mova when tho pan was tipped
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three to five degrees. Rate of movement was approximately 0.12 inches per |
second, The gel sections would not flow through the limber holes in !
either pan until the pant had been tipped up 45 degrees.

e, Cooling During Gellation

In making up the batches of gel in the large mixing tank, it was found
that it took a laong time for the gelled fuel to reach a uniform room |
temperature. The cool-down curve in Figure 2L for a typical 94 gallon

batch shows that at least four days were required to reach room temperature .
throughout the batch. The top and sides seem to cool and gel first, and ;
tiien this gel acts as an insulator in keeping the middle of the tank wurm.

Large Scale Tests

a. Pumpdown

The 707 auxiliary boost pump with vapor eliminator and a snorkel type

inlet was able to pump all of the approximately 100 gallons of the one per~
cent pumped-once gel out of thr pumpdown tank at sea level pressure. When
about 100 gallons of a once-pumped gel were tsken to a simulated altitude
of 42,000 feet (2.4 psia) in steps, there were surface eruptions as air
escaped from the gel, but very little volume increase occurred until the
tank was at 42,000 feet. After about 30 minutes at this simulated altitude,
the volume 5 gel had increased about five percent. Another 19 minutes
resulted in this volume increase decreasing about 30 percent as mo-e air

escaped from the gel. When un attempt was made to puw:p the gel out of the

tank while maintaining ™~i# © ..ilated altitude, a flow rate of severL gallons
per minute was obtain.. i . ly bLut this lasted only a short time with

35 of the 100 gallc.c - . pumped out. This left about (5 gellons of gel
having a head of 2. sver the rump inlet in the tank., Reducing the
simulated altitud: . 3,000 feet {3.L psia) and then t> 28,000 feet (4,33

psia)_teault.ed in small amounts :?f this remsining gel being pumped out c©

_®08NO | 2%y
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, the tank at very low flow rates. During this part of the test, the flow

F S
3 was insufficient to keep the lines full of fuel as observed in the section
i of plastic tubing upstream of the boost pump. A final reduction to a

simulated altitude of 18,000 feet (7.33 psia) alleviated the virtual no-

flow condition and the remainder of the gel was pumped out at about 16
galloas per winute.
| b. Wing Tank Flowability
| An extensive iavestigation was made of the flowability of gelled fuel in
the simulated wing tank. Table II presents the different combinmations of
i parameters vhich were investigated in this partion of the testing and the
pertinent quantitative results. The f{low rates as shown are for a steady
flow conditisn vefore thepump lost sucticn. The amount'of fuel left in

the tank wvas then determined. The pictures in Figurss 25 - 32 were taken

at the time that the pump lost suction.

The height differential across the baffle rib is an indication or the
amount of restriction which the bafrie rib presents (o the fuel, Prior
i to> pumping, the liquid kerosenme (Runs 1, 2, and 3} had zers height differ-
ential a8 would be expected. The (.5 percent "as gelled” gel (Runs L
and 5) als? did oot have eny differential since it was pumped into the

wing tank in the liguid state. The rest o the gels had a height differ-

ential ranging fram C.25 inches %o 1.5 inches depeading on the stifrness
of the gel. This height dirfferential is asziociated with the yi=ld stress
27 t.e gel in that a certain force is reguired before the pgel will flov
thraugh the barfle check valves. The tank was always {illed at the end

furthest from the pump 80 the lover level was always on the pump sile cf
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" FIGURE 25
RUN NO.| - LIQUID KEROSENE AT END OF PUMPDONN

-

—————— 4° UP

T N N ’ ’ O
FIQURE 2o
RUN NO.8 - PUMPED THREE TIMES O77 % GEL
AT END OF PUMPDOWN)
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DOWN

— % 4° UP

RGURE 27
RUN NO. 7~ PUMPED ONCE O1% &EL AT END
OF FUMPDOWN

FIGURE. 28

RUN NO. o ~ PUMPED ONCE O0O7% GEL AT END

OF PUMPDOWN (STIFFENER ADIACENT TO PUMP
MNLET STILL IN PLACE)

TO 1346 L=R3
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0=7000




RUN NO. 4 - "AS GEILED" 0.5 % GEL AT END
OF PUMPDOWN (TANK SET AT 2° AND 3°)

————> 8° UP

FIGURE 30
RUN NO.S - "AS GELLED" 0.59% GEL AT END
OF PUMPDOWN (TANK SET AT 8° AND 10°)

TO 1848 L=R3
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‘FIGURE. B)
RUN NO. 10 = PUMPED ONCE 1. % GEL AT
END OF PUMPDOWN

————— 4° UP

F'lGr 32
RUN NO. It = PUMPED ONCE |.S % GEL AFTER
FOUR HOUR INTEBRVAL AT END OF PUMPDOWN
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the baffle rib. During the pumping tests, these height differentiesls in-
creased because of thu pressure drop associated with the flow through the
check valves at the rate of pumping. The greatest height differential
occurred during pumping of the 1.5 percent gel (Kun 10) which was the

stiffest gel we were able to pump.

Puring the pumping tests, some observetions were made of the remainder
of fuel in the wing tank and of the fuel pumped out of the wing tank into
the mixing tank. The "snake" of 1.5 percent gel shown in Fig. 33 was

found in the wing tank after Run number 11, This is some unpumped gel

» which was gelled in a section of tubing downstir=2m of the gear pump. The

lump shown in Fig. 34 was after the seme run and was found in the wing

tank after letting the resiZual 1.5 percent gel remain there for 24 hours.

Shown in Figs. 35 and 36 is a lump which was part of this 1.5 percent gel
which had been pumped into wing tenk (gear pump) and back to the mixing
tank (centrifugal bcost pump) and was left in the mixing tank for 24
hours. As can be seen in Fig. 37, only two of the various strength gels
tested were fluid enough to have even marginal flow capability. The
punping tests showed that the .5 percent "as gelled” gel (Runs 4 &nd 5)
was virtually unflowable and indicated that any "as ge’led” gel which
forms a self supporting structure vill also te unflowable. The 1.5 per-
cent gel (kun 11) which had set in the simulated wing tank for three to-
four hours before zttempting to pump it out, was also considered unflow-
able. At a z€ gram cone penetration of 33i.0 millimeters (Run }0) the

gel begins to flow. At 3.5 to 38.0 millimeters venctration (Runs 6 and

7) flow is very slow. Gels of 60 and 112 centipoisc viscosity (equivalent
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FIGURE B3
HeNAKEY OF 1.5% GEL FROM WING TANK

FIGURE 34
LUMP OF S %% GEL FROM WING TANK
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FIGURE. 25
LUMP oOF 1.S % GE&L FROM MIXING TANK

P&GURE 3L .
LUMP OF 1S % GEL FROM MIXING TANK
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to 40.9 and 41.0 millineters penetration) flowed :0 as to be considered

marginal for use in an airplane fuel system (Runs 8 and y).

The gelled fuels which we nave clissified as being nurginﬁl vere con-
sidered to be marginal in their capability to flow within the tank Lo the
tank boost pump inlet. In our present aircraft fuel systems, we depend
upon this gravity flow of the fuel to the tank boost pump inlet with a
minimum amount of fuel remaining in the t-nk. 4ith these marginal gels,
consider:ble amounts remained in the tanl: vhen the tank boost pump lost

auction.

In case of « tank boost pump or electricul power failure, our present fuel
systems ¢an 118c gravity feed liquid fuel through the ilrplane fuel system
to the engine fuel pump inlet to at least 6,000 fee: ..ltitude. ‘lhe margi-
nal gels obvicusly do not have t:iis capability of suction feed. In fact,
due tc incrcased pressure drop ind flow restricticns, it is highly unlikely

that any gel would be =ble to te gravity fed to the engine pump inlet.

c. Vivwvration
The vioretion testing was dcne in three parts. The vibtration spectrum

for the two tests on the unpumped ygel are shcwn in Table III.

There was little effect upon the unpumped gel until tiie double amplitude
exceeded 1.9 inches. Initinlly, there was liquid cn tne surface of the
gel. This ha. bled inlo the licles made when samples were removed for
penetration testing. 7The vibre'icn ac'ion ciused : fo ming of tnis liquid
a2 the inboard sectico wd sloshing of the gel in the centler section. The

movemant of tiis center secticn of gel compucted it, cre:ling faps tetween

1
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the gel and the ribe. The movement of the gel also induced bleeding of

1iquid fuel at the bottom of the tank, particularly vhore it had gelled
around the stiffencrs. This liquid was then forced from the bottom of
tl:e tank to the surface of the gel ut the inboard face of the outboard
rib. At the high end of the amplitude spectrum, the uction was vioclent
encull to cause some liquid fuel ic be thrown cut of Lhe tank. Very

little occcurred in the outlboard seciicn of the tank section.

The reucticn of the pumped gel to the vibration spectrum shown in Table
IV, was much more viclent than Lhe re.ction of the unpumped gel. Aguin,
very little occurred in the low umplitude portion of the spectrum. As

the double amplitude increzsed above 1.5 in., the motion of thne gel in-
creased. At the highest double wmplitude used for the pumped gel, 3.6 in.,
the action in the inboard secticn Lecume so violent that gel was threcwn
out of the tank. Approxim:lely ten gallons of gel were thrown out before
the end of the test. As gel w~s thrown out of Lue inbo=rd secticn, more
gel woula flow inte this section through the flapper chcek vulves., This
violent splushing of the pumped gel occurred only in the inbonrd section.
This was atiributed to the geometricul differences in the three seciions
of the tank. ‘The pumped gel had '+ slight increase in penetration level st
the erd of the vibration testing. If the wing tnk had been covered and
the periocd of vibrotion wns cilended for some time, tne motion of the gel

} would tend to liquify il even more.
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AFFENDIX A

Calculations of Yield Stress as a Function of Penetration
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CALCULATIONS OF YIELD STRESS AS A FUNCTION OF FPENETRATION

Trhe following equations and figure were used to calculate the yiéld stress as &
function of the depth of penetratii 1 of the ASTM D 217 Penetrometer cone and two
other lighter weight cones made of plastic and aluminum but conforming to the
same dimensions as the standard cone. A correction for buoyancy was made using

.0006 grams/cubic millimeter for the density of the gel.

h o Altitude
r = Radius of Base

A=

DIMENSIONS IN MILLIMETERS

S e |

no D6-15230
IuAGE 7\ +
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Ave = (“’)(4-l3!) ﬁ«mau)‘ + (.5.-02.

= 213.90 mm?
Vyp = (1.047) (4.:9;)z (1s.7)
= 288.2 Mm>
Acone = (M (h-1c.8) \[ (h-10.8)* + (h-10.8)" —(Tr) (ﬁ)'(‘*-‘f")z
= (M) (¥2) [(h ~108)" 1T, 5‘1]
Veong = 1047 [(h-uo.'a)a’ - WB-M]

Ax-r= A(ONE + AT\p =C")6123‘Kh-“)saz -’1“57] + 2‘3-3
Vr= Veone *Vrp = (1087) [(h-108)” -13.04] + 2832

BUOYANT FORCE = T = (Vy)(p)

P =.0008  @PAMS/(MILLIMETER) >

APPARENT CONE WEIGHT (DYNES)

L

ELD STRESS = YS =
YIELD S =Y WETTED RREA CENTI METERD)

{ACTUAL (ONE WEIGHT ~ BUOYANT FORCE )(980.67) (100)

(Ar)

(28067) (Cw - .0008 Vt)
(A1)
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,  COORDINATION SHEET

10 be Co ¥einlice NO.  7e7-Fv-12
e e ITEM No. |
A. T. Lersen DATE 1-19-67 R
MODEL 727
GROUP INDEX LOADS AND DYLAMIUS UNTW
SUBRJECT Leboratory Vilreiion Test of Gelled Fuel
REFEIE CF5e (&) M.rd 6-7707-17 from

C. Erirline to A, C. Lersen

(b) TE-1C7, "Groun? Vitration Test of the
Mede) 2 Alrplen:”

!

Dats on the Jov frequency vibration modes of boelrng subsonlc let
troispory wings has been reguested for application in the Iahoratnry

‘y vibration tc t of gelled fuel. The following ic based on rmeasurements
on the rade) TaT eivplana, :

Vibration dai- recordel ol wing stution 770 during the 727 flight
loads survey wus reduced by computer 2nalvsis to a response envelope
in tercs of acceleration poweyr spactral density. Thre portion of

this envelope fram .9 - 10 ops was converted to displecement power
spectral density end plottel in Figure 1. As indicaeted the principal
mode occurs a4 3.0 cps. Contridutions of other modes to total wirg
vibratory disylacement 18 relatively smell. The ras displacement
respoige betwecn .0 ard 10 eps wes coaputed to be 1. 80 inches double
anpljitude.

Assuming a no:val dictribution, the probability that any given
response erplitude, within the frequency range of the envelope, will
exceed the rms response of the envelope is .6C, i.e,, the rms response
wvill be exceedad €0 of the time. Similarly, two times the rams
responde will be exceedod 24 of the tire, and three tines the rms
recponse will be excsaded only 1% of the inma,

Tha ehove results from flislt nmesaureerls were correlated wish node
shapes cetestiined 4n the grounl vibration test (Raference b). The

3.2 cps mode shape is shoum in Figure 2. A slightly higher frequeney -
wo3s oeesured during the ground test becsuse there was no fuel in the

winz. As irndiceted the raxiium dicplecements cccurred at the extreme
outhoird tank end, WS 750.5, with a node l‘nn ocCUrring aBO\t W3 530. .

To ernly tha abave data 40 a l:boratory test in which fh- vitrator R ,f;‘}f
is capable of producing & slirusaidal frput o. eonstant erQuen~y, the~ B
folleowing praocedure is re»ﬂn:»nded _ s L f‘ifmf*
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LIST OF ILLUSTRATIONS )
Table Fage
1 Liquefaction and Regellation Data 36
I Summary of Parameters of Testing in Wing Tank Section 55
CIIX Data for Vibration Testing of "As Gelled" 1.0% Gel 65
v Data for Vibration Testing of Pumped 1.0% Gel 67
Figure
1 FAA 1069-1 Gelling Agent (6ATH1LS) 1%
2 AS™ Penetrometer Used in Consistency Tests with Sample 15
Cups Conforming to ASTM Specifications (6A72736-1)
3 Saybolt Viscometer Used in Consistency Tests of Pumped 16
Kerosene Gels (5A73275-k)
N Small Centrifugal Pump and Gear Pump Used in Gel Pumping 17
Tests (6A72728-3)
5 General View of Mixing and Pumpdown Tanks with Gear Type 19
Transfer Pump and Centrifugal 3oost Pump (6A72923) )
6 Position Adepted by 1% Kerosene Gel in Center Section of 20
Tank When Placed at 30° on End (6A72803-6)
7 727 Wing Tank 21
8 Gimballed Table, Simulated Wing Tank and Centrifugal 23
Boost Pump (6A73275-3)
9 Simulated Wing Tank Mounted on Vibration Test Rig 2h
(6ATHO55-L )
10 Stiffness of Kerosene Gels Made with FAA 1069-1 Gelling 32
Agent as Indicated by Penetrometer - No Control on Water
Content of Gelling Agent
11 Effect of Gelling Agent Water Content on Strength of 33
Kerosene Gels Made with FAA 1009-1 Celling Agent
12 Samples of 1% Kerosene Gel Prepared with 3.7% and 14.9% by 3l
Weight of Water in the Gelling Agent (©0A72809-8)
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LIST CF ILLUSTRATIONS (Continued)

Stiffness Testing of Xerosenc Jels Made wiith FAA 1009-1
Gelling Agent

Yield Stress as a2 Function of Penetration

Effect of lumps on Consistency of Kerosene Gels Made with
FAA 10069-1 Gelling Agent

Effect of Pumps on Consistency of Kerosene Gels lMade with
FAA 1069-1 Gelling Agent

Effect of Centrifugal Pump on Consistency of Kerosene Gels
Hade with FAA 1069-1 Gelling Agent

Correlation Beiween Viscosity and Penetration of Kerosene
Gels Made with FAA 126%-1 Gelling Agent

Samples of 1% Kerosene Gel iMade with FAA 1069-1 Gelling
Agent lefore and After Pumping (5AL2398)

Jamples of Kerosene Gels Made with FAA 1059-1 Gelling Agent
One Week After Heing Pumped Four Times with a Centrifugal
Pump (6A72711-1)

Effect of Time on Consistency of Kerosene Gels Made with
FAA 1063-1 Gelling Agent

iffect of Time on Consistency of Pumped Kerosene Gels Made
with FAA 1069-1 Gelling Agent

Effect of Temperuturg on the Consistency of a 1% Kerosene
Gel Made with FAA 1009-1 Gelling Agent

Cooling Curve for a 94 Gallon 3atch of 1% Kerosene Gel
Made with FAA 1009-1 Gelling Agent

2un Number 1 - Liquid Kerosene at End of Pumpdown

Run Number © - Pumped Three Times 0.7%1 Gei at Fnd of Pumpdown

Run Number 7 - Pumped Once (.7% Gel at End of Pumpdown

Run Number 6 - Pumped Once N.7% Gel at End of Punpdown
(Stiffener Adjacent to Pump Inlet Still in Place)

Run Number 4 - "As Celled” 0.5 Gel at End of Pumpdown
(Tank Set at 2° and 23°)
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37 Jenetration ani Viscosity of Kerosene Fuel Gels Used in 63

Wing Tunk Flowability Testing
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